Background: frail older people often require tailored rehabilitation in order to remain at home, especially following a period of hospitalisation. Restorative care services aim to enhance an older person's ability to remain improve physical functioning, either at home or in residential care but evidence of their effectiveness is limited. Objective: to evaluate the effectiveness of a restorative care service on institutional-free survival and health outcomes in frail older people referred for needs assessment in New Zealand. Methods: a randomised controlled trial of restorative care or usual care in 105 older people at risk of permanent residential who were follow-up over 24 months. The restorative care service was delivered in short-stay residential care facilities and at participants' residences with the aim of reducing the requirement for permanent residential care. It included a comprehensive geriatric assessment and care plan developed and delivered, initially by a multi-disciplinary team and subsequently by home care assistants. Results: compared with usual care, there was a non-significant absolute risk reduction of 14.3% for death or permanent residential care (8.8% for residential care and 7.2% for death alone) for the restorative care approach. There was no difference in levels of burden among caregivers. Conclusions: restorative care models that utilise case management and multi-disciplinary care may positively impact on institutional-free survival for frail older people without adversely impacting on the health of caregivers.
Introduction
Functional decline amongst older people is often observed in the weeks before hospitalisation for acute medical illness. On discharge, a third will not recover their pre-morbid levels of basic activities of daily living (ADL), with many experiencing adverse consequences on their ability to live independently [1, 2] . Further, half of very old (85+) people are discharged from hospital with new ADL-related disability [3] . The level of physical functioning at hospital discharge is a significant risk factor for residential care placement [4] .
Restorative care is a multi-disciplinary approach delivered either in residential care or in community setting, which aims to enhance physical function for older people [5] . However, the evidence for effectiveness of such programmes is ambiguous [5] [6] [7] [8] and additional evidence is required to highlight models of care that are effective in restoring function for frail older people whilst reducing the risk of hard clinical endpoints such as death and institutionalisation.
We report the results of a randomised controlled trial evaluation of a case management restorative care model which provided comprehensive geriatric assessment [9] followed by an integrated care plan and rehabilitation delivered by a multi-disciplinary team.
Methods

Trial design
A randomised controlled trial testing the effectiveness of a new health service.
Participants
Individuals aged ≥65 years (≥55 years for Māori) were assessed by the hospital clinical team or the regional geriatric assessment service using a standardised assessment tool as being at high risk of institutionalisation. Exclusion criteria were (i) to maintain the person's safety; they required immediate permanent residential care placement or (ii) an inability to communicate in English. The regional geriatric assessment team forwarded the contact details of eligible potential participants to the research team. Assessment service records were audited regularly to ensure all possible eligible participants were referred. The older person identified a primary informal caregiver.
Recruitment was staggered over 12 months, and data collected between November 2003 and June 2006. Blinding occurred during analysis using dummy codes, investigators were blinded to randomisation of services, but the blinding of research assistants who collected data or participants was not possible. The study was approved by the New Zealand National Ethics Committee and registered (ACTR No. 12605000140651).
Randomisation and procedures
Research assistants randomised and collected data at the older persons and carers place of residence on a laptop. The computer contained factors from previous randomisation by synchronisation via the internet with the main study computer. Participants were randomised by minimisation according to: (i) residential care needs level ('high' or 'very high'), (ii) age (<74 or ≥75 years), (iii) gender and (iv) living alone or with others. Combined primary endpoints were permanent residential care placement or death, established from the regional health office mortality and residential care placement data and confirmed from national mortality register held by the New Zealand Health Information Services. Secondary endpoints were assessed using the interRAI-Home Care (interRAI-HC, ver 2.03) [10] . The interRAI-HC allows assessment of key domains including physical function, health, social support and service use [11] . The validity and reliability of interRAI-HC and its subscales has been well documented [12] [13] [14] [15] . The scales estimate performance in ADLs and instrumental ADLs (IADLs), pain perception, cognitive performance, severity of depression and instability in health. Current health status was obtained via the EuroQoL-5D [16] . Information was collected on health service utilisation. Adverse events (AEs) and serious AEs were systematically monitored and reported. Caregiver experience was assessed using the Caregiver Reaction Assessment instrument [17, 18] and carer Health-related Quality of Life (HRQoL) by the SF-36 [19, 20] .
Intervention and control groups
Older people were randomised to either a new health service (intervention group), 'the Promoting Independence Programmes (PIP)' or to usual care (control group). The PIP model provides case-managed restorative care delivered within both residential care and at home by a multi-disciplinary team, based on 'home treatment teams' first described by Martin et al. [21] . Older people who were assessed as being too unstable to return home immediately on hospital discharge or on referral from the community were offered a short-stay needs assessed rehabilitation in residential care with the goal to restore function and return the older person to living in the community (for details of the PIP service model, see Supplementary data are available in Age and Ageing online). The PIP service could only be accessed by enrolment in the trial.
The control group were assigned usual care that included community services or permanent placement in residential care. Older people were assessed and service coordinated by a centrally based needs co-ordinator.
Statistical analysis
A sample size of 240 participants was required to detect a 35% relative risk reduction (10% death, 25% institutionalisation) in the primary end point of institutional-free survival between groups, assuming 80% power, two-sided α of 0.05, and a 50% frequency of death or residential care in the control group. The risk reduction was based on the previous studies that have evaluated impact of case management on residential care placement and mortality [22, 23] . All analyses were performed a priori under intention-to-treat principles and were blinded using dummy variable indicators (for details of analysis, see Supplementary data are available in Age and Ageing online).
Results
Recruitment reached 105 case participants (Figure 1 ), as well as 57 primary informal caregivers, a recruitment rate of 38%. This is low, but consistent with recruitment to other studies focussing on the same vulnerable population group [24] . Anecdotally, the non-recruitment was not associated with concerns about the PIP service, but with the burden of research participation. Table 1 shows that baseline characteristics were similar across groups. Over half were female, mean age of 83 years. All required help with everyday activities, used aids for indoor mobility, nearly half reported problems with memory or communication problems, and over half had experienced a fall within 6 months. Almost half (45%) lived alone, two-thirds had been hospitalised in the previous year, and half had sensory impairment.
Fifty-two participants met the combined primary outcome of death or permanent residential care, with 58% in usual care and 42% receiving the intervention. Following adjustment, the Hazard Ratio for the combined primary outcome was 0.76 (95% CI 0.43-1.33), showing a statistically non-significant 24% reduction in those receiving PIP compared with usual care. The risk of a combined event was 57% (30/53) in the control group and 42% (22/52) in the intervention group, giving an absolute risk reduction (ARR) of 14.3%. There were 22 residential care placements in the control group and 17 in the intervention, giving an ARR of 8.8%, and 14 and 10 deaths, giving an ARR of 7.2%. The Kaplan-Meier survival curves are shown in Figure 2 (see Supplementary data are available in Age and Ageing online). Table 2 (see Supplementary data are available in Age and Ageing online) shows that there were no significant differences for the secondary endpoints of functional and social outcomes between groups. For the caregiver (Table 2) , only the physical component scale (PCS) summary measure (P < 0.01) on the SF-36 showed that the rate of decline in physical health for the caregiver for PIP was slower than for usual care. There was no effect on caregiver burden or any difference in AEs. Health service utilisation data ( Figure 3 , see Supplementary data are available in Age and Ageing online) show the intervention group had more frequent utilisation of personal care, home help, carer support, respite, day centre and day activity centres than the usual care group.
Discussion
This trial demonstrated that the PIP model for frail older people decreased residential care placement and death compared with usual care, although not statistically significantly so. The exact mechanism for the risk reduction is not clearly understood as there were no significant differences in the use of health services (PIP or usual care) or the secondary functional, cognitive, mood, pain and frailty outcome measures.
This may reflect insensitivity of the interRAI-HC for detecting small changes in a cluster of multiple measures that impact on frailty, an absence of appropriate measures that detect change related to residential care placement, chance or a true absence of effect. Further, it does not measure important patient-related outcomes such as service satisfaction and preferences. We did not recruit the projected required number of participants, reflecting the challenges of recruiting frail older people into clinical trials. The PIP model, which combines case management, service coordination and home care with a restorative focus, has shown a positive improvement in outcomes for frail older people, but definitive evidence has been lacking. Concerns that a delay in residential care entry may place additional stress on family caregivers has been abated somewhat, as no negative consequences on caregiver burden despite older people staying at home longer has been identified. Although HRQoL and stress deteriorated amongst carers from both intervention and usual care, the decline was less apparent in the intervention group carers.
This trial is one of a series of trials and meta-analysis to randomly evaluate three novel health services that aimed to promote 'ageing in place' [25] [26] [27] . The trial can confidently be generalised as all participants were independently assessed as being of high risk of residential care placement. Limitations were lack of blinding due to the nature of the intervention, and inadequate study power. 
Key points
• Restorative care reduced permanent residential care placement compared with usual care for frail older people.
• Case management combined with multi-disciplinary care positively impacts on institutional-free survival for frail older people.
• Frail older people receiving restorative care at home did not increase caregiver burden compared with usual care.
Supplementary data
Supplementary data mentioned in the text are available to subscribers in Age and Ageing online.
